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Abstract
Up to 17% of hospital admissions are complicated by serious
adverse events unrelated to the patients presenting medical
condition. Rapid Response Teams (RRTs) review patients during
early phase of deterioration to reduce patient morbidity and mortality.
However, reports of the efficacy of these teams are varied. The aims
of this article were to explore the concept of RRT dose, to assess
whether RRT dose improves patient outcomes, and to assess
whether there is evidence that inclusion of a physician in the team
impacts on the effectiveness of the team. A review of available
literature suggested that the method of reporting RRT utilization rate,
(RRT dose) is calls per 1,000 admissions. Hospitals with mature
RRTs that report improved patient outcome following RRT
introduction have a RRT dose between 25.8 and 56.4 calls per
1,000 admissions. Four studies report an association between
increasing RRT dose and reduced in-hospital cardiac arrest rates.
Another reported that increasing RRT dose reduced in-hospital
mortality for surgical but not medical patients. The MERIT study
investigators reported a negative relationship between MET-like
activity and the incidence of serious adverse events. Fourteen
studies reported improved patient outcome in association with the
introduction of a RRT, and 13/14 involved a Physician-led MET.
These findings suggest that if the RRT is the major method for
reviewing serious adverse events, the dose of RRT activation must
be sufficient for the frequency and severity of the problem it is
intended to treat. If the RRT dose is too low then it is unlikely to
improve patient outcomes. Increasing RRT dose appears to be
associated with reduction in cardiac arrests. The majority of studies
reporting improved patient outcome in association with the
introduction of an RRT involve a MET, suggesting that inclusion of a
physician in the team is an important determinant of its effectiveness. 
Introduction
There are many conditions in medicine for which there is a
relationship between the dose of therapy given and the
response to such therapy. This dose-response is seen in
every day practice in relation to diuretics for the treatment of
fluid overload, fluid therapy for volume depletion, catechol-
amines for shock, and oxygen supplementation for hypoxemia.
Amounts of delivered therapy are also likely to be important
determinants of outcome for systems of care. Thus, nurse
staffing levels have been shown to impact on rates of
complications in hospitalized patients [1,2], and outcomes of
cancer surgery are better in high volume institutions [3].
In this article, we briefly review the background to the role of
the Rapid Response Team (RRT) in preventing serious
adverse events (SAEs) in hospitalized patients. We also
introduce the concept of ‘RRT dose’, the number of RRT
activations per 1,000 admissions or discharges. In addition,
we highlight possible differences in RRT composition that
might indirectly affect ‘dose’, and stress the importance of
physician inclusion in relation to the types of therapy the RRT
can deliver. Finally, we emphasize the importance of RRT
dose in preventing SAEs in hospitalized patients.
The background to the Rapid Response Team
concept
Multiple studies around the world have demonstrated that
patients admitted to hospitals suffer SAEs at a rate of
between 2.9% [4] and 17% [5] of cases. Such events may
not be directly related to the patient’s original diagnosis or
underlying medical condition. Of greater concern, these
events may result in prolonged length of hospital stay, perma-
nent disability, and even death in up to 10% of cases.
Other studies have shown that these events are frequently
preceded by signs of physiological instability that manifest as
derangements in commonly measured vital signs [6-9]. Such
derangements form the basis for RRT activation criteria used
in many hospitals.
When patients fulfill one or more criteria, ward staff activate
the RRT, which then reviews and treats the patient. The
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Medical Emergency Team (MET) differs from other RRTs in
that the team leader is a physician, typically with intensive
care expertise. Other RRTs include Critical Care Outreach
teams in the United Kingdom, which may form part of a
graded escalation in care and are usually nurse led. The tenet
underlying the MET concept is that early activation and
intervention by a suitably trained team improves outcome. As
stated by England and Bion [10], the principle of the MET is
to ‘take critical care expertise to the patient before, rather
than after, multiple organ failure or cardiac arrest occurs.’
The findings of the first consensus conference on RRTs have
been recently published [11]. This document defined the
Rapid Response System (RRS) as the whole system
providing a safety net for acutely unwell ward patients. The
RRS has four components: an afferent limb for ‘crisis
detection’ and triggering of the RRT; an efferent or responder
limb, which is the RRT itself; a governance and administrative
structure; and a quality improvement arm [11].
The concept of Rapid Response Team ‘dose’
It has been suggested that the standard method for reporting
RRT utilization rate should be RRT calls per 1,000 patient
admissions or discharges [11]. This measurement assesses
the rate of crisis detection and afferent limb activation. A
progressive increase in MET utilisation has been demon-
strated at a teaching hospital in Melbourne, Australia [12]. In
April 2004, the dose of MET calls was 40.6 per 1,000
admissions. Patients admitted on surgical wards received a
much higher rate of MET review than medical patients [12].
Other studies of physician-led METs in Pittsburgh, USA [13],
Ottawa, Canada [14], and Sydney, Australia [15] have
reported MET doses of 25.8, 40.3 and 56.4 calls per 1,000
admissions, respectively. The last rate equates to 5.64% of
all admissions being reviewed by the MET, and is similar in
proportion to the rates of SAEs seen in most studies.
Increasing Medical Emergency Team dose
improves patient outcome
The first evidence of a dose-response effect of the MET was
demonstrated by DeVita and co-workers in Pittsburgh [13].
Introduction of objective MET calling criteria resulted in a
significant increase in MET call rates (from 13.7 to 25.8 per
1,000 admissions). This was associated with a 17%
reduction in cardiac arrest rates. Subsequently, it was
demonstrated that increasing MET dose at a teaching
hospital in Melbourne was associated with a progressive and
dose-related reduction in the incidence of cardiac arrests in
ward patients [16]. This study suggested that for every
additional 17 MET calls, one cardiac arrest might be
prevented (Figure 1).
Further evidence of a dose-response of the MET on cardiac
arrests was suggested by an analysis of the circadian variation
of detection of cardiac arrests and MET review activations
over a 24-hour period [17]. Thus, cardiac arrests were most
common overnight when MET reviews were least frequent.
Similarly, cardiac arrests were least frequent in the evening,
when MET review rate (or dose) was the highest [17].
Recently, Buist and co-workers [18] also reported on the
long-term effect of increasing MET dose on cardiac arrests in
a large urban hospital in Melbourne, Australia. Increase in the
rate of MET reviews with time resulted in a reduction in
cardiac arrests of 24% per year. Importantly, none of these
studies provide information on the mechanism by which the
MET may achieve such reductions. These may include
increased do-not-resuscitate (DNR) designations and end of
life care planning [19], improved ward staff education [20],
improved documentation [21], rescue of unstable patients
that may have proceeded to arrest without MET intervention,
or any combination of the above factors.
A separate study at a teaching hospital in Melbourne,
Australia assessed the effect of the MET on in-hospital
surgical and medical mortality in the 4 years after its
introduction [22]. Implementation of the MET was associated
with a reduction in mortality in surgical but not medical
patients. This observation may be due, in part, to the relative
dose of MET review for each patient population. Thus, in
surgical patients the rate of MET review exceeded the death
rate for virtually the entire duration of the study. In contrast,
for medical patients, the death rate exceeded the rate of MET
review [22]. Put simply, if the MET is a major method of
prevention of SAEs on the ward, the rates of MET review
should be similar to, if not greater than, rates of SAEs.
Figure 1
Scatter plot and line of regression showing association between
increased Medical Emergency Team (MET) call rate (‘MET dose’) and
percentage reduction in cardiac arrest rate from baseline. Adapted
from Jones and colleagues [16].Available online http://ccforum.com/content/13/5/313
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Table 1
Summary of studies of Rapid Response Teams involving comparison dataa
Study and yearb Study design Team leader Findings
Bristow et al.  Case control cohort study. Comparison  Doctor Fewer unanticipated ICU/high dependency unit 
2000 [32] between one MET hospital and two cardiac  admissions in MET hospital. No difference in 
arrest team hospitals in-hospital cardiac arrests or mortality 
Buist et al.  Before (1996) and after (1999) study.  Doctor Reduction of cardiac arrest rate from 3.77 to 
2002 [30] MET introduced in 1997 and activation  2.05/1,000 admissions. OR for cardiac arrest after 
criteria simplified 1998 adjustment for case mix = 0.50 (95% CI 0.35 to 0.73)
Bellomo et al.  Before (4 months 1999) and after (4 months  Doctor RRR cardiac arrests 65% (P < 0.001). Decreased bed 
2003 [29] 2000 to 2001) 1-year preparation and  days cardiac arrest survivors (RRR 80%, P < 0.001). 
eduction period  Reduced hospital mortality (RRR 26%, P = 0.004)
Bellomo et al.  Time periods and design as above.  Doctor Reduction in serious adverse events (RRR 57.8%, 
2004 [33] Assessment of effect of MET on serious  P < 0.001), emergency ICU admissions (RRR 44.4%, 
adverse events following major surgery P = 0.001), postoperative deaths (RRR 36.6%, 
P = 0.0178), and hospital length of stay (P = 0.0092)
Kenward et al.  Before and after (October 2000 to  Doctor Decreased deaths (2.0% to 1.97%) and cardiac 
2004 [34] September 2001) introduction of MET arrests (2.6/1,000 to 2.4/1,000 admissions).
Not significant 
DeVita et al.  Retrospective analysis of MET activations  Doctor Increased MET use (13.7 to 25.8/1,000 admissions)
2004 [31] and cardiac arrests over 6.8 years was associated with 17% reduction cardiac arrests 
(6.5 to 5.4/1,000 admissions, P = 0.016)
Priestly et al.  Single-centre ward-based cluster  Nursec Critical care outreach reduced in-hospital mortality 
2004 [25] randomized control trial of 16 wards  (OR 0.52, 95% CI 0.32 to 0.85) compared with 
control wards. 
MERIT  Cluster randomized trial of 23 hospitals in  Doctor Increased overall call rates (3.1 versus 8.7/1,000 
2005 [23] which 12 introduced a MET and 11  admissions, P = 0.0001). No decrease in composite 
maintained only a cardiac arrest team.  end point of cardiac arrests, unplanned ICU 
Four-month preparation period and 6-month  admissions and unexpected deaths 
intervention period 
Jones et al.  Long-term before (8 months 1999) and after  Doctor Decreased cardiac arrests (4.06 to 1.9/1,000 admissions;
2005 [16] (4 years) introduction of MET  OR 0.47, P < 0.0001). Inverse correlation between MET 
rate and cardiac arrest rate (r2 0.84, P = 0.01)
Jones et al.  Long-term before (September 1999 to  Doctor Reduced deaths in surgical patient compared with 
2007 [22] August 2000) and after (November 2000 to  ‘before’ period (P = 0.0174). Increased deaths in 
December 2004) study. Effect on all-cause  medical patients compared with ‘before’ period 
hospital mortality (P < 0.0001)
Jones et al.  Time periods of design as per [29]. Study  Patients admitted in the MET period had a 4.1-year 
2007 [35] assessed long-term (4.1 years) survival of  survival rate of 71.6% versus 65.8% for control period. 
major surgery cohort Admission during MET period was an independent 
predictor of decreased mortality (OR 0.74, P = 0.005) 
Buist et al.  Assessment of MET call rates and cardiac  Doctor Increased MET use was associated with reduction in 
2007 [18] arrests between 2000 and 2005 cardiac arrest of 24% per year, from 2.4 to 0.66/1,000 
admissions
Jones et al.  Multi-centre before-and-after study.  Varied  Continuous data only available for one-quarter of 
2008 [36] Assessment of cardiac arrests admitted from  172 hospitals. Temporal trends suggest reduction in 
ward to ICU before and after introduction  cardiac arrests in both MET and non-MET hospitals
of RRT
Chan et al.  18-month-before and 18-month-after study  Nursec Decrease in mean hospital codes (11.2 to 7.5/1,000 
2008 [26] following introduction of RRT admissions) but not significant after adjustment (0.76 
(95% CI, 0.57 to 1.0); P = 0.06). Lower rates of non-ICU 
codes (AOR 0.59 (95% CI, 0.40 to 0.89) versus ICU 
codes AOR, 0.95 (95% CI, 0.64 to 1.43); P = 0.03 for 
interaction). No decrease in hospital-wide mortality 
3.22% versus 3.09% (AOR, 0.95 (95% CI, 0.81 to 
1.11); P = 0.52)
aComparison data refer to before and after, contemporaneous case control or cluster randomized controlled trial. bYear of publication. cDoctor
involved at discretion of nurse team leader. AOR, adjusted odds ratio; CI, confidence interval; MET, Medical Emergency Team; OR, odds ratio;
RRR, relative risk reduction; RRT, Rapid Response Team.The MERIT study involved a cluster randomized controlled
trial of 23 Australian hospitals in which 12 introduced a MET
and 11 continued with ongoing usual care. The introduction
of a MET resulted in increased emergency call rates but did
not statistically reduce the combined incidence of cardiac
arrests, unexpected deaths and unplanned ICU admissions
[23]. Importantly, the rate of emergency review calls in the
Medical Early Response Intervention and Therapy (MERIT)
study was only 8.3 per 1,000 admissions (0.83%) during the
6-month period following the intervention. As this figure also
included cardiac arrest team calls, it probably represents an
overestimate of actual MET calls. Insufficient review rates
may, in part, explain the lack of positive results reported in
this study.
The MERIT study investigators also recently reported on the
relationship between ‘MET-like activity’ and serious adverse
events. This study, comprising all 23 participating hospitals
and 741,744 admissions, revealed that there was a negative
relationship between the proportion of RRT calls that were
early emergency team calls and the rates of unexpected
cardiac arrests, overall cardiac arrests, and unexpected
deaths [24]. This further supports the view that the more
preventive intervention by an emergency team is delivered,
the lower the number of cardiac arrests.
The dose of the Rapid Response System
efferent arm
Most studies demonstrating the effectiveness of RRTs on
outcomes of in-hospital patients have involved a physician-led
MET (Table 1). Priestly and colleagues [25] reported a reduc-
tion in in-hospital mortality associated with the introduction of
a Critical Care Outreach service using a nurse-led RRT in a
single-centre cluster randomized ward-based trial. A recent
American before-and-after study involving a nurse-led RRT
reported a reduction in mean hospital-wide code rates follow-
ing the introduction of the RRT. However, this difference did
not remain significant after adjustment for case mix [26].
The interventions that can be provided by a physician-led
MET differ substantially to those of a nurse-led RRT, and may
expedite transfer to the critical care unit, or the institution of
DNR orders. This is particularly the case if the physician team
leader has intensive care expertise. Thus, the ‘dose’ of
therapy may differ between institutions according to team
composition and expertise. This aspect of the RRT is one of
the least studied areas of RRS research. It is also likely that
the required MET dose at an individual hospital will reflect the
patient case mix, staff ratios and skill mix, and incidence of
SAEs. However, outside of Priestly and colleagues’ study all
publications reporting a decrease in cardiac arrests with the
introduction of a RRT [16,18,27-31] described the effect of a
physician/intensivist-led team. These observations suggest
that an important element of ‘dose’ might well include not
only the number of attendances but the composition of the
team. It is clinically plausible that a MET will deliver more
intensive medical treatment more rapidly than a RRT without
an appropriately trained medical presence. A RRT that is not
a MET may significantly decrease the likelihood of a positive
outcome. It should be noted that the interpretation of the
literature related to nurse-led RRTs is confounded by the
graded response and escalation of care associated with
some Critical Care Outreach services, particularly in the
United Kingdom.
In summary, SAEs are common in hospitalized patients and
are often heralded by derangements of vital signs. If the RRT
is the major method for reviewing such events, the dose of
RRT activation must be sufficient for the frequency and
severity of the problem it is intended to treat. In this sense,
the RRT is similar to all medical interventions: if it is not given,
it does not work. If given at an inadequate dose, it has no
discernible effect. If given at a sufficient dose, it displays the
type of effectiveness that physiological and clinical plausibility
would suggest. All but one of the positive comparative
studies of the RRT involve a MET, suggesting that medical
presence in the efferent arm treatment may also affect
outcomes of RRT review and represent an important
component of dose. Studies of RRSs that do not deliver an
adequate dose in terms of frequency of intervention and team
composition are likely to fail, confound the literature, and may
mislead physicians.
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